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SUMMARY

Thti report of the Forest Products Luboraiory deaikwith
the design of plywood websfor wooden box beamsto obtain
maximumdrengthpwunitwight. Amethad of ar.riuingat
the most eifm”entand economicalweb thickness, and hence
the most suitable unit shear strem, is prmented and work-
ing drewes in shearfor cariaus types of web8and spw”es
of plywood are fl”ren. 2!7tequestions of diaphmrgmspac-
iq and requiredglue area betweenthe ux?b8and thejunge
are &o diwussed.

INTRODUCTION

The study of wooden box wing beams buiIt with
spruce flanges and pIywood webs imrolves, E&, the
design of the flanges and, seoond, the design of the
webs. The design of the flanges is discussed in previ-
ous akoraft reports prepared by the Forest products
Laboratory, United States Department of Agriculture,
for publication by the NationaI Advisory Committee
for Aeronautics @eports Nos. 181 and 188). The
present report deals with the results of tests reIating
to the design of the webs. Apprcmimately 200 repre-
sentative box and doubIe I beams were tested at the
Forest Products Laboratory for the purpose of de-
veloping the most eficient and economical design of
plywood webs and to determine the working stresses
for various types of webs. The project was conducted
in cooperation with the Bureau of Aeronautics, hTavy
Department.

FUNCTION OF THE WERS

The function of the ply-wood webs of box beams for
airplane wings is to resist a very minor portion of the
bending moment and the major portion of the shear
act@ on the beam. Testa made at the Forest Prod-
ucts Laboratory indicate that., with pl~ood in which
the grain of successive plies is alternately parallel and
perpendicular to the lo&itudinal axis of the beam,
only that portion of the plywood in which the grain is
parallel to the axis should be considered in calculating
the moment of inertia I. With pIywood in which the
grain of alternate pha forms angles of + 45° with the
longitudinal axis of the beam one-half the thiclinws of
the plywood may be considered in calculating 1. In

1&nior engfneer,ForestFrdwts Laboratory,ForwstS3rvff%U.S.Derwtment
of Agrfodtnre. 3f8fntafned atMadlsm,Wk.,h cooperation with h Unfverdty
ofWfemndn.

calculating the form factor of a box section -with either
type of web, however, the total thickness of the
plywood should be used.

Sheai stresses area maximum over the ply-wood por-
tion of the cross section of the beam. Hence the chief
function of the plywood webe is to resist these stresses
with a minimum of distortion. Keeping distortion ta
a minimum is especially important when beams are
subjeoted to combined bending and axial compression.

FORMULAS FOR COMPUTING SHEAR

Before we can discuss aIIowabIe design stresses for
plyirood webs, we must decide upon a formula with
which ta compute the maximum shear stress in a box
beam. Two formulas are recommended and it will
generally be found that the results they yield agree
quite cIosely. The two forndas 2 are:

..-

--
*=;

(1)

(2)

In each formula t represents the tota~ thickness of
both webs, V the external shear, q the shear stress in
pounds per square inch, Q the statical moment of the
area above or beIow the neutraI axis when the maxi-
mum shear stress is desired, I the moment of inertia
of the section, and a the distance between the centers
of gravity of the flanges exclusive of the plywood. The
same rules, expressed in a preceding paragraph, appIy
to the cakulation of Q that apply to 1 as regards thick-
ness of pIymod cmsidered, but tisthe total thickn~
of both webs.

The external shear V is tie derivative of the bend-
ing moment and this fact applies to a beam either
with or without axial load accompanying a transverse
load. For combined axial and transverse load the
shear V is also numerically equal to the sum of the
shear from side Ioad and the component of the axiaI
load that is normal to the elastic curve.

For a berm subjected to an atial compression and a
concentrated Ioad at the center

v= T .-.
2 Cos &

~Brft.kihwits of nreesnm are FSW.Ued throt@Imt thfe remrt.
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in which W is the side load, L the length of span, and

4
.—.~=gl
P

(4)

In this abbreviated formula, (4), P is the axial load, E
the modulus of elasticity, and I the moment of inertia.

For a beam subjected to an axial compression and
equal concentrated side loads at the third points,

~77 . 2L

(

L
‘7=2 Sill L/J ‘n 3J )— ‘sin D

(5)

From this we obtain the approximate formula

““:(l+z)
(6)

by using the tit two terms of the sine series and by

dropping alI powers of $ greater than the second.

This approximate formula, (6), was used to calculak
the shear values given in TabIes I and II.

For an axially loaded beam having a gniforrnly dis-
tributed sid~ load,

V= w J tan% (7)

in which w is the load per unit Iength. From this we
obtain the approximate formula

“H’+=) (8)
T

by using the fist two terms of the series for tan&

The exact expressions for the bending moments cor-
responding to the preceding and other loading condi-
tions may be found in Prwcott.’s Applied Elasticity.s
From these the corresponding exact exqmessiona for the
shear are obtained by differentiating with respect to x.

STRENGTH OF PLYWOOD VARIES WITH DENSITY

In general, dense wood of any species has greater
strength than wood of Iow spec%c gravity. Aa a
matter of fact, fairly definite mathematical relations
between specific grayity and the various strength prop-
erties have been worked out. PIywood is no exception
to the general nde and it must be expected that for
any series of teats on plywood of a given species to be
of value either the density of the wood must be known
or the number of tests must be great enough for the
average to be repm.entative of the species. The rec-
ommendations that are to follow are based on the re-
sults of nearly 200 tests made at the For-t Products
L&boratory on box and doub~e I beams with plywood
webs, the quality of which was fairly detitely known.
Accompanying tables give the results of these t@.s.

$Resmtt, J. AppUerl Eladlotty. 9!HO& Lmdon, New York (ete.). WM.

BASIS FOR ARRIVING AT DESIGN STRESS

The most effective way of approaching the problem
of efbient web thickness and hence correct design
shear stress is to test a number of beams of suitable
over-all dimensions and various web thicknesses and
to compare their efficiencies. By efficiency is meant
maximum load divided by beam weight. Figure 1
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O Resuits from fobfes 3,4 Ond 5
● . - * 6

!60
I c --- -

120 I I I I 7;4 -’

7.

4 I

u ~ +’-
C: ---- .J

---- ---
L

I 1 1 r I 1 { 1 1 I I
0 .04 .08 ,/2 ./6 .20

T%’cknem of one web, inches
Floma I.–The rektion between loed-weisbt retio and thtekmse of web for
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shows the results of such a series for spruca and
yeIIow poplar webs with the grain running, at an
angle of + 45° to the length of the beam. The beams
were 3 inches wide by 8Y{Cinches deep with flanges
1% inches deep. Two loads 44 incbs apart were sym-
metrically applied between the supports, which were
16 feet apart. The results used in Figure 1 are taken
from Tables III, IV, V, and VT. A great number of
tests wouId group themselves in a milky way along
the line CDG13 and between the bounding lines LJEF
~d LH 1, whic~ repramt tk maxhmrm and fiiIIUUU

vidues for tie group. The line A!3 is calculated on the
basis of faiIure in the compression flange and a weight
of 27 pounds per cubic foot. The Line CD is based on
the loads that the two flanges will sustain after the web
has collapsed. The line CD will naturally slope down-
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ward to the right to the point where the maximum load
for a box beam exceeds the ~oad that the two flanges
alone WM sustain. Along the line D G failure will be
by shear and the shaar stresses represented by this
line are shown in the upper portion of the @ure. The
intersection of D G and AB represents the theoreticrd
thickness of web and the resulting shear stress at
which there will be equal likelihood of faiIure by shear
or by compression in the compression flange. What
actually happens, however, is that beams with a web
thickness represented by the intersection of these
curves fail in the compression flange although they
buckIe in the web and consequently give lower average
values thap those indicated by the intemection,
Therefore, in place of a maximum shear stress of 1,225
pounds per square inch, as shown on the upper cuive,
a stress of about 1,175 pounds should be expected,
The Met in the shear curve moduces the fillet G K in
the efhciency curve and thro& the point of maximum
efficiency to a web thickness of approximately 0.13
inch, which corresponds ta a shear stress of 1,135
pounds.

There is one important matter that is commended
to the careful attention of the designer at this point.
It has to do with minimum values. If a web thickness
that gives equal likelihood of faiIure by shear or by
compression is sehxted, there is a possibility of getting
a beam low either in shear or in compressive strength.
By using a slightly heavier web with practically no loss
in efficiency the chances of getting a dangerous mini-
mum are reduced 60 per cent. Further, a glance at
the line of minima LH I (fig. 1) shows that the
maximum of these minimum values is at a thickness
greater than that recommended. Considering all
these facts, a recommended shear strew of 1,000
pounds per squme inch for 45° -webs of beams without
diaphragms seems the best from the standpoint of
safety and economy,

That more of the points of Figure 1 are above the
average line than below is accounted for by the
facts that more of the material was above the average
in quality than below and that, although the average
line is based on spruce webs, a number of the beams
shown had yellow poplar webs, which on the average
are somewhat stronger than spruce,

USE OF DIAPHRAGMS

No exhaustive study of the proper spacing and size
of diaphragms was made. In a few instances, how-
ever, beams were made with diaphra.~s to point out
their possibilities. Thus beams 73D, 77D, and 81D,
Table V, alI of which failed in shear, can be compared
directly with 72, 76, and 80, respectively. The first
set had diaphragg spaced as shown in Figure 2 while
the second three had no diaphragg. Beams 10, 15,

and 20, Table VI, can also be compared with other
beams in this same grgup; their diaphragm spacing is
sIso shown in Figure 2. While beam 9 without

i
I
,

I
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diaphragms failed in shear at 934 pounds per squaro
inch shear stress, No. 10 with the same thickness of
plywood and a diaphragm spacing of two and threc-
tenthe times the clear distance between flanges faikd
in com~ression. It must be noted, however, that
be-s 7 and 8 with thicker webs and no diaphragm
gave better load-weight ratios. Beam 15, with very
thin plywood of lowdensity stock and diaphragms
spaced two and three-tenths times the clear distance
between flanges, failed in shear with a mafimum shear
stress intensity of 1,482 pounds per square inch.
Beam 20, with thin webs of highdensity stock and
with a- diaphragm spacing of one and shteen ono-
hundredtbs times the clear distance between flangw,
fahd in compression when the maximum shear in-
tensity was 1,992 pounds per square inch.

The beam sections Iisted in Table VII, which were
tested ~. shear, show too, in a limited measure, the
effect of diap,hagm spacing. For example, S-6 and
S-7, with high-density webs and with 20 inches
between end blocks, average over 1,800 pounds pm
square inch, while S–18 and S-19, with even slightly
greater; density but with 74 inches between end
blocks, avmage ordy 1,o5O pounds per square inch.

RECOM%IENDED DESIGN STRESSES IN SHEAR FOR
-.

45-DEGREE PLYWOOD

A careful analysis of the nearly 200 tests previously

mentioned leads to the following recommended shear

stresses for either 2-ply or 3-ply 45° plywood webs
for box beams of a depth not greatly exceeding the
maximum depth of those tested (9X inches).

When no diaphragms are used or when the dia-
phragm spacing exceeds th.m times the clear distanco
between flanges, use four-thirds of the design stress in
shear recommended for the species, (Table VIII.}
The actual values for four species follow:

Spm=e: l,OOO-pounds per square inch,
Yellow poplar: 1,070 pounds per square inch.
True mahogany: 1,150 pounds per squ&e inch,
Birc@: 1,735 pounds W“ square inch.

For a~diaphragm spacing from one and one-half to
two and one-half times the clear distance between
flangea use five-thirds of the design stress in shear rcc-
ommemled for the species. Some actual values foIlow:

Sprtice: 1,250 pounds fier squme inch,
Y@lgw poplar: 1,335 pounds per square inch.
“True mahogany: 1,435 pounds per square inch.
Bir& 2,165 pounds per sqwwe inch,

For a diaphragm spacing up to one and one-half .
times the cIear distance between flanges use double the
design stress in shear recommended for the species.
Actual yglues folIow:

Spm-ce: 1,600 .potmds per square inch.
Y~o”w poplar: 1,600 pounds per square inch,
True mahogany: 1,720 pounds per square inch.
Birch: 2,6oo pounds per square inch.
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A study of the reds of shearing t@s and static
tests of beams leads to the ccndusion that plywood
webs are most eflicient when the grain of one ply is at
90° to the grain in adjacent plies, when the web is sc
arranged that the grain of half of the materials is at
90° to the grain of the other half, and when the grain
of elI the plies is at+ 45° to the Iongitudimd axis of the
beam.

DESIGN SHEMt STRESSES FOR PARALLEL-PERPEN-
DICULAR PLYWOOD

AUowable shear stresses for plywood webs so con-
structed that the pIies are alternately paralkl end
perpendicular to the length of the beam should not
axceed 87% per cent of those recommended for 45°
plywood. The beams with 45° plywood webs are also
stiffer than the others, because of the fact that the
shearing modulus for the 45° webs is higher than for
the paraIIel-perpendictiar webs.

The shearing moduh recommended for both types of
webs appear iu the second paragraph following.

DESIGN SHEAR STIZESSES FOR SPECIES OF PLYWOOD

NOT LISTED

Stresses for plywood of species other than those
listed can be obtained from the shem values of the
wood given in standard strength tables by applying the
same factors as those required to obtain the values for.
the four species of plywood listed.

SHEARING MODUIJ FOR PLYWOOD WEBS

The shearing modulus or mean modulus of rigidity
of spruce wood is equal to the moduIus of elasticity
along the grain divided by 15.5 end the shearing
moduhs of 45° spruce plywood is five times the
shearing modulus of spruce wood. Therefore, the
shearing modulus of 45° spruce p@vood may be
obtained by dividing the mochdue of eksticity of
spruce by 3.1. These ratios have not been defhitely
obtained for other species, but scattered tests indicate
that the radio of modulus of elasticity to modub of
rigidity ranges between 14 and 18.

T7ery few data are amilable re~ative to the shearing
modulus of ply-ivood webs the grain of which is alter-
nately paraM and perpendicular to the length of
the beam. What data me avaiIable indicate that
the shearing moduhs of such plywood is the same
as that for scdid wood of the suue species. In other
-words, the shem-ing modulus of 45° plyvmod is about
three times as great se that for parallel-perpendicular
plywood.

SHEAR STRESSES IN BENDING COMPARED WITH
SHEAR STRESSES IN TORSION

For a diaphragm spacing up to one and on+hdf
times the clear distance between fkm.ges, an ultimate
shear stress of 1,500 pounds per square inch is recom-
mended for spruce plywood webs of beams subjected

I

I

to bending or to combined axird and side ~oad. Tests
of a Iarge number of torsion specimens indicate that
a much higher calculated ultimata shear stress is
obtained in “torsion. In fact, the average for a series
of torsion tests was 2,370 pounds per squme inch.
This value is recommended for spruce plywood under
torsional stresses when the diaphragm spacing does
not exceed one and on+haIf times the unsupported
height of the plywood.

COMPARISON OF FOREST PRODUCTS LABORATORY
TESTS WITH OTHER TESTS

Ml Forest Products Laboratory teats, with the
exception of those listed in Table VII, ~ere made on
comparatively long beams in which the fler blocks
at the end reaction points and at the load points were
not ghwd to the flanges or webs and in fact had actu-
ally been waxed in order b prevent my shearing
resistmce. The results given in Table VII are for
beam sections tested as illustrated in F- 3 and 4:
The shear blocks shown in these figuw were made
in various lengths with flanges either 1 inch or 1M
inches deep. Filler bIocks were fitted but not glued
in the ends. The results of alI tests, therefore, rep-
resent the resiatmce to shear oflered by the webs
onIy. Manufacturers and others, in testing short
beams in which fil.Ier blocks have been gIuedj repeatedly
report higher stresses then those representative of
the webs tested. There are two reasms for this.
Fret, the shem formulas for beams are increasingly
inaccurate as the spandepth ratio is reduced and,
second, the glued-in fler blocks take part of the shear.
As the ghmd-in filler blocks occupy an increasing
percentage of the length of the hew, their resistance
tn shear increases until a point is reached where no
webs would be reqyimd. Our stresses represent what
the webs will take and my allowance for the shear
taken by the fler blocks must be provided for by
the designer. -

GLUE AREA BETWEEN WEB AND FLANGE

Very often the question of glue area between flanges
and webs is given insufficient consideration by the
designer. It has been the practice at the Forest
Products Laboratory to determine the stress on this
glue area by dividi& the maximum shear in 1 inch of

the plywood by the area of contact per inch between
the plywood and the flanges. For example, the shear
stress on the area of contact is

f.$ (9)

in which g is the maximum shear stress in the plywood,
t’ the tbichess of one web, d the depth of flange, and
~ the shear strew required.

h arriving at a suitable value for the allowable shear
stress between flange and web, two things must be
considered. First, the grain of the plywood is not
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parallel to the grain of the flanges and therefore the
bond between the two as far as shear is concerned is no
greater than that between successive plies of plywood,
which is about one-half of that for glued construction
in which the grain of the different pieces is all in one
direction. Second, as the beam deflects secondary

FIGURE3.—One method nmd W apply shmrfng loede to relatively short besm
?atfons. (The dhensfons of the k% plee@ appeer fn TabIe VII)

stresses are set up, the distribution across the entire
area of contact is not uniform, and failures occur at a
calculated uniform stress of about one-half the cross-
banding figure or one-fourth the shearing stress of the
wood parallel to the grain.

There is no doubt that with long spans, slender cap
strips, and no diaphragms, the secondary stresses
would exceed the primary stresses. Likewise, there
are conditions under which the secondary stresses
would be small in comparison with the primary stresses.
We know only in a very general way, however, the
extent to which the various factors influence these
secondary stresses and therefore we can not take
advantage of the low secondary stresses that exist at
times.

Insufficient data are available in regard to the stresses
at which failure will occur in the glue and the influence
of secondary stresses upon such failurea. The few
cases that are presented in the following discussion,
however, yield some information on this subject.

PN-7 beams 1 to 9, Table IX, had flanges in the
overhang that varied in thickness and a total shear in
the overhang that was uniform. Hence, the stress on

cohIMIImEEFOR ~ERONAUTICS

the area of contact varied. The first value in Tablo
X is for the stn%s at the outboard edge of the Mock
at the outer support and the second value is the stress
at the inboard edge or the block set in the end of the
beam. It must be remembered in this connection that
the test beams extended 59.28 inches beyond the outer
support and that a 6-inch block was set in the end of
each to take a concentrated load 56.28 inches from the
outer support.

TABLE X.-SHEAR STRESSES lN THE GLUE LINE OF
TABLE IX BEAMS HAVING FLANGES OF VARYING
THICKNESS IN THE CANTILEVER

Bearn number I Sheerstres9 I l?aihue

I Pwn&?M?I
PN-7-l._...__
PN-7-2..._.-_
PN-74.. . . . . . . .
P1’&7-4 . . . . . . .._
PN-7-a _____
PN-7-6_______
PN-7-7..._.._.
YN-?-3.._..._.
FW’-7-Q......__

%% w
249 to 334
231t0!&9
280 to 382
~~?~

mtom
y03g

Oth~;hen glue.

Do:
Olue.

Otb%han glue.
ohm.

Ofh%knglue.

—— ..-

:

:

...

-

When faihre occurred in the glue h.ne it started not
near the end of the beam but at the outboard edgo of

FIOURE4.—A woond method wed to apply shefu[ng Ioeds ta beam Sect[ons.
(The d[meneions of the test pieces appear in Tab!e VII)

the block, at the strut point, where the shear stress was
the lowest, This was due to the secondary stresses at
that point.

PN-7 beams 10, 11, and 12, Table IX, all htive a
uniform flange thickness in the cantilever. Table XI
gives the stress in the glue line.
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TABLE XL-SHEAR STRESSES IN THE GLUE LINE OF
TABLE IX BEAMS HAVING FLANGES OF UNIFORM
THICKNESS HITTHE CANTILEVER 1

Paun&per

PX-7-10.... .-----
W4ZWind

187 mu.
Pl?-FIL --------- m o~alnn glue+
PN-7-12------ m

Yery few additiomd data are avaiIable. In Air
Service Information Circular No. 516, The Design of
PlywocKI Webs for Box Bewns, by R. A. MiUer,
there are reported two beams tested by the Air Semite,
Engineering Diwision, which faiIed in the glue Iine at
a calculated strEM of 284 pounds per square inch.
Bemn No. 111, Table II of the present paper, and
beams 12, 13, and 15, Table III, failed in the glue
line at stresses ranging from 52 to 114 pounds per
square inch. These beams were made and tested
seven or eight years %wo, since when there has been
considerable development in the art of gluing and
some development in ghms.” Of our more recent tests,
one beam, PAT–7–10, failed at a stress slightly beIow
200 pounds per square inch. The other failures are at
calculated stresses much higher than 200 pounds per
square inch.

Considering d factors and bearing in mind that no
economic design @ure can shut out every possibility
of failure in the glue, it seems desirable that the glue
area between web and flange be based on an aUowable
stress of onc+fourth the shear stress of the wood
being glued. If two different species are being glued

I

i

1

1
I

1

I

I

I
1

togeth&, the shear stress of the weaker species shoukl
goverrf.

CONCLUSIONS

As a result of MS investigation it is conchded that,
to obtain a balance between economy and safety, the
fo~otig shear stresses should be used in designhg 45°
plywood webs for wing beams: Twice the customary
allowable design stress in shear for the weaker species
in the bond, when the diaphragms are spaced not to
exceed one and one-half times the clear dist&ce be-
tween flanges; five-thirds the stress allowable for the
species when the diaphragms are spaced one and
one-half to two and one-half times the CIear distance
between flanges; and four-thirds the stress alIowable
for the species for a diaphragm spacing of three or
more times the clear distance between flanges.

For 3-ply webs with the grain of the ph.s alternately
paraUeI and perpendicular to the Iongitudid axis of
the beam, ~hear stresses should not exceed 87% per
cent of those recommended for the 45° construction.

Attention shouId be given to the question of glue
area between the flanges md the webs of box beams.
In tie light of available information it seems desirable
that the stress on this area, when calculated by the
method emplo@ in the analysis presented here,
ethould not exceed one-fourth the customary allowable
design shear stress for the species of wood used.

l?OREST PRODUCTS LKSOEATOEY,

FOREST SEBVICE, UNITED STATES

DEPMtTMENT OF AGRICULTURE,

.Madison, T%., i$’orember l??’, 19%).
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TABLE I.—BOX AND DOUBLE I-BEAMS SUBJECTED TO COMBINED AXIAL AND TRANSVERSE LOADING. DATA FROM UNPUBLISHED FOREST
..

PRODUCTS LABORATORY REPORT, “USE OF PLYWOOD lN WING BFIAMS,” BY GEORGFI W. TRAYER
—

- LWidth
BN~ TYPS of bmm ~ofm

,,

i-

Der)th ~

l& Ly:
flange

Inek
2m a411
2m .888
20W .377
2Mm .423
2m .879

.8%9
;%% .3Q3
2am .361

.872
;E .410

2cml .411
z.lm .8M
21m .877
21m .422
2fm .8M

2am .351
2W0 .410

.879
:%’ .393
2ml .273

2fm .287
.202

:%! .463
2MJI
%ml ‘i:%

2’HM .4W

L

.300

.337

.371
:ml .37a

—-.

Te. tOF’ x

Mdnnmn -
Shsac hemWeb cmstidion

F&d&

txm-.
tent

‘Wc-m
IL O
Il. o
10.8
IL 4
10.6

Ii:

lL 2
la 8
lL 6

H. o
IL O
108
IL 4
IL o

IL 2
lL 5
la o
lL 4
la 8

121
127
lL 4
ILO
IL 6

IL?
la 8
1L2
128
R 4

1

l--Fafllm

3y (2)

,J

E I

-

g;

123.1
12L J
lx. 1
12Ll

J.2Ll
12Ll
121”1
lx. 1
lzl.1

%;
12L 4
1224
12L 4

‘ML4
12L 4
13%4
122.4
1224

12L 4
~;

%*

12L4
r20.7
12a7
12L 4
ml

Q

,“1Aotne3
Dhk&tl&of l’ly thkk- tbiok-

ne86 neae 01
,., . 2 ~Im

3y (1)

1
j.=

Il&K& PLf41&

& 376 L 282
6S76 L,740
0.37B Le$a
& 876 ~ 474

%mLd
8L 07
a 19
2288
3afM
%42

!afm
29.93

ZE
31, n

3223
8L 42
Zal?s
36.26
al. 01

3a24
3230
2441
8hla
2412

21140

R%
2410
3’M3

3a 70
.2LM
2L 91
8L 61
8L 36

am.pcr
?2. tn.
1,120 ShW=r( web.
L344
Lm I Do:
L4M g.
L84!a .

6----- Box 1-------- ‘%
6...-. -----doll---- 2936
7----- IhJnb19 L.-. 2’M39
8----- -----do --_... 2966
9-.-.- B3?L...-... 2069

rmb
8.376
a 376
a 376
& 275
& 376

a 375
%W5
& 376
& 275
& 376

3.376
a 376
a 876
a 875
a 376

& 376
& 275
%275
It 376
& 875

& 876
& 876
& 376
a 375
M76

a .376
9.626
!2.626
& 876
& 376

&a
18.79
la 70
I&66
la63
1262

L3”63
la 63
WE-2
13. la
la63

lafa
latw
l&06
laez
la 30

1264
IA66
la92
18.92
13.’a2

1266
18.49
l&4s
IS.66
U?+66

1.a63
mm
lh m
1266
Iadfl

L 117
7.149
L 124
L126
L 167

L 106
L126
1“147
L 148
,L 148

i, 176
L123
L136

k%

L 211
L225
L222
L 195
L220

L 193
L 193
L 172

.;%

“i M7
L 173
L 161
L 192
L 1~

la... __.do____
n-_ .__do____
12+.- ----.do.-.._
13-_ .._-do -----
14---- .---. do.-_...

291Y3
2!330
29ea
2’409
20C?4

2939
2’16!3
2. ml
a r26
Z.ozl

8. ml
a WI
8.126
3.7.!43
am

& 031
a ml
:03:.

&w

a 031
2731
27al
8.081
2969

6.873”
& 376

1,612
&m

& 876 L 332
t 275 L720
& 375 L 7m

:$ H%

a 375 2%
&376 %7W

I%376 %lWJ
& 375 %211
h 376 & 617
& 875 %744
& 376 %7m

1,476 Do,
1,224 Do.
1,244 Do,
~s# Do.

Do.

1, 6flo Ckmpmsfom
1, IL% Hbear In web.

;~ ~m~’on”

L 193
L277 ShmD% W0b8.

i%% ‘“rngw’m.
1,0451

5A--- -----dol...-.
6A---..--.do.l.----
7A--- Donble I---
8A. ------.clo -----
10A. - Bor-----_--

12A---:g----
14A.. . . . . . .
9A--- . ..-do -----
llA.. --–.do-..-..
18A-- --._do.. __

15___ Double I_..
10--- _-_do.~ . .._
17..-. __-do.~..-..
18---- _..-do.—.-
19-”.. .Jto.-.-.. !

w----
46”------
45*-------
460----- .
45””k--

430__ -L-
4r------
46”------
46”-..-”-
45” --------

Ufu
4*”’
4
4 Z-4
4- s-4

s- I
IIS75 2,24
eb487 %432
&427 %328
1$376 %834
@375 Z243

20--- BoI-----
21---- .-.-do . . . . .
22---- . .-do .----
23..:- !hmble I-..
24---- Box I.-------

“f-;jl-?42-
1- 4,

4- 4
4- s-4

s.- 4 I
a376 %269
alml l, f13a
&Ml Z.1111
6.375 ~ 321
& 273 2/ 211

1-IS43
l&66

Z 610
&602

8.021
&cm II %376

3,876u-,;Q& .&w
.2ss I 129

la o I 8L 42
3273 JIL440 EO.1

L732 12L4
‘Lm

L 149

:E%WW=’i&:yof-.
jBeame21and 221md2-kh~esrouteU bollndtn thaeentralpartkm.

The webs of all bmma were of @IOW PO
betwem efde hd reastfom was 141 bmhes. %e?z%”eti%:gti%?sz:L%24P=a2h: -

All beum were tested h mmbhed

slide rule. ___

Iotdlu# Th8rmhmrikn@hwM 162A76fnobtHend tbedhmnoe
In mlou3ntkngInnd Qone-balftbe Wohe.wof e plywood wan used. AU mhulstbnn were made wkb s

x-.l+:=~r
L-162 376 Idm.s.

a) r+

(’2 !7-:



T,\BLE11,—BOX BEAMS SUBJECTED TO COMBINED AXIAL AND TRANSVERSE LOADINQ. DATA FROM UNPUBLISHJKO FOREST PRODUCTS
LABORATORY REPORT, “THE USE OF PLYWOOD IN WING BEAMS,” B1’ GEORGE W. TRAYER

—

Q

—

‘n&u
14.0!
14,C4
14.91
14,91
14 u

14,04
14,91
14,91
14,of
14, M

01

Inahaa
8! 19
a 19
&18
&18
a 19

a 19
a 18
&18
&IQ
8.19

K

1,144
1,123
1, Ml
1,171
L 1’47

1,148
1, lea
1,104
L 186
L 109

Maximum
shar straaa

Web wmatruotlon
IMasl-

EMenera :fi;
load

Mnxl.
mum

1%
~mm W:yh
No. banm

De#h

beum

Vel bi
0!

bonm
M (2)

I

‘;~4c\~

114:9
120.7
120,7
114. Q

114, Q
120,7
120,7
114,4
114,4

FatlureVI
X&l.

Ifram
Mu

mr:

)f mra
gruln

ply tblak.
nom

-,. - -

3y (1)

-——— ,.—

~-~hpoplsr. . . .
. . . . . . . . . .

:Ioo poplar”..
. . . . . . . . . .

Blroh-poplar . . . .

~f8 Ii#f%.%
1,MQ

.Ia 1, Elm

.26 1,407
,2,5 1,888
,ILi 1,696

Ibst

‘#J
‘m

1, (BO
1,527

1, Mm
1, 18!4
1,284
+=
,

—.

%aHi4#
1,70.9
1, c07
1,290
I, L!?!7
1, M7

With..
Inahca

k.:::: 2

k

!ab

HI_... 2
IV . . . . . 2
v...... 2

a
4n
4n
4n
4ti
46

2
45
46
4a

C31ucl.
81tghtoomptwadon,
Shenr and glue.

‘omfiov’on”

Do,

ii:
!shear,
COmpremlon,

,..
-.-do . . . .
. . ..do . . . .
. ..-do . . . . .
Without..

with..”...
Without..
With . . . . . .
without..
With . . . . . . r!!

0-0
n- 9

s- a-s
0-0-40
0- 0-0

. . ..do .. . . . . . . . . . ,18 1,742
Yel w poplar...

9.
,26 1, lms

. . . . . . . . . . . . . . . . 2!9 1,022

. . ..do . . . . . ..--.. :$ 1, w

. . . . do. . . . . . . . . . . 1,707

VI . . ..- 254
w....
XH1.. :

!Ix . . . . 2.
x----- 2$4

In oomputlns I and Qone-half tbe lywood wanomraldamd, All baamuhad rout8d ilanga-%B4ama ware t@ed In wmblood ~dhw.
f141 Inobas. Bide load wws mmati y np IIad to two polnta 47 lnahaa apart, Stlflmam ware glued to tho WEIMof baamc Indlmk?d,

~olumn 1.x th wna 162.875lnohea aud tbe dlatnuca.batwaonnldaload roaotlons was

Hs-lnob fItr@-yMglued. !&y wareapooa#20M lnoha#andi4roulatad tbarlh oonrmctlon.
%Stlfkmra ooua kd of two triangular plmm of rprum )4 by )4 luob betwean wbloh a

K-1+$
L-152$7: Inohw,

(1) g-7~

0) q-;



TABLE 111.—BOX BEA Ms SUBJECTED TO TRANSVERSE LOADING ONLY. DATA FROM UNPUBLISHED FOREST PRODUCTS LABORATORY
“ REPORT, “USE OF PLYWOOD IN WING BEAMS,” BY G. E. HFICK

peoioo
mo$ty

Iengca

M8xi-

%%’ I

MadmU&shearWeb eonetroctfon

Beam No.

M&k

mm
M&l

neae
of 2

Webe

&&
.876
:%

.232

.m”

.!im

.874

. 4Wl

.m

.326

.300

.3W

.362

.36a

.4Q4

.Eul

.294
,296
.242

.23S

.220

.2Z9

.262

.262

.246

.243

Width

Arm

De__tl

beam

Incha
!%42
%46

:2
8.44

&a
3.44
2.46
3.44
8.46

&45
3.44
a43
&45
&40

3.43
8.46
a 47
%47
a46

&42
a4e
a 45
a44
8.44

a 46
3.46

%!!
By (1)

FafloreE Q va

By (2)

I*

arm
264
!2s9
2-W

arm

k%
Sal
X62

K 01
3,02
am
2.93
!293

am
arm
3.02
am
a 01

;%

im
S.fm
arm

2:

lp;

160
L541
L60
L48

L48
1.4!3
L 86
1.22
1.60

L 60
L50
1.60
Lilo
L30

LEO
L53
L 51
L m
L 49

Lao
L60
.L60
L30
LFM

L53
L&)

%rm
18.6
m 8
aa
Wo
8.6

Ii:
la 2
l!:

1;;

0.6
9.X
0.7

IL o
la 2

H
MS

128
12!l
120
L1.9
14.2

120
13. a

?Ound4
8262
36.30
Sam
34.33
22sa

22fia
26.04
22W
22.29
8L 34

3L71
Sh 19
3492
Z@81
326a

37.41
87.14
30c5
26.62
3246

32m

H!
S&m
S&lo

S&so
S&m

vE2tfmL--------
--J30---------
--de.. --—---
._-do -----------
_-do ---------

._.d#_________
---- . . . . ---------
----do----......”.
..-.do ----------
._-do. ._._.._.

_.-do ------------
---.do -----------
__do _________
_::*_ :_::_::

. . . .

. . ..do” --------

._ Ao-._._.:.”.
_-.do ---------
. ..- . . . . . . . . . . . .
46”.?_____

46”-------------
46”-------------
46”----------------
VertloeL.” ------
__dO. -..._-.

w . . . . . . . . . . . . . . . .
46=-. -..-. _____

rn&4

lm. o
ma 5
W.8
1042

1028
lm. 4
9S8

1%:

loa 1
105.1
1028
102 a
1020

Knl 4
100.8
1~ 8
Ioh 6
m?. 4

1034
K&2
Iw 6
1048
-S

Kn. o
10?. 9

rtfu# 8

147U
14.94
16 m
1489

1476
14.82
I&61
1230
fh24

lh 16
16.06
14.Q6
14 m
1476

1A 64
M 64
lfi.12
m 11
m 42

m 40
13.64
1&67
m 06
16.04

lh40
16.61

I&.&

C.86
&e4
&04
&fm

6.95

%%
7.3$4
696

&%5
&96
693
&96
C8m

m96
6.96
697
6s7
6.63

:E
&w
&w
&94

&w
&w

Sheer fn W8h2.

Oempremion.
:tma=!l$.

Shear In wetk

‘“’*”

She% webe.

.-. -.--_-.-,L___
3_________
4________
5 . -- . ---—-----

y~
.41.
.41
.44

.42

.41

:$
.29

.40

.39

.3U

.33

.F3

.39

.41

.41

.41

.39

.40

::
.46
.44

.47

.46

1%:
~&;
1123
ma. 3
1324
Hh 3
104 s

97.7
lsl. 6
la3.9

%:

=6
M. 2
12L2
122.4
13L O

128.8
ml
1225
IIL 5
U4L6

W8
ml

6________
7________
8_______
fi-..-__.

. . . . . . ..-.

Al- . . . . .._.-.
lo----------
l.?.. AL.....-.
14---------
16 . . . . . ..-..-.

10-: -.”...:.-.
17_______
18-----------

.---. ---—
%-----

21-- ‘ :-------
22 ---..--—- .
23----+-, . . . .
24------------
!MJ.- . . . ..-.

Com~*, 2fw.
cempms210n.
@m~on, glue.

“~e”
.

shwDOtiweb%

Do,
Do.

26________
27--------

The web of all bwms were of ellow pe far plywcod and the grafn of the mm wae at WP to the gmfn of thefam. Nomhml dbnenefons of the km were 3 hy 834cineh@e by 16 feet 4)4 ~~~. me *t ~ YES119
f~t~d twOIW*wm_eti&a~ti,~atwti*#in@~a@. h CBIetdatfngI and Q only that part of the pfywwd the grein of whfoh was peralhl to tbe length of the - ~ m~d~. Wim * Plywmd
one-half tlm~mknem w- used. AU m otdatfona were made wfth a slide tie.



TABLE IV,—BOX BEAMS SUBJECTED TO TRANSVERSE LOADING ONLY. DATA 17ROM UNPUBLISHED FOREST PRODUCTS LABORATORY
REPORT, “USE OF PLYWOOD IN AIRPLANE WING BEAMS,” BY G. E. HECK

—

mjtl
beam

Web mmtruotlon Mnxlmum
shmr UreM

Vrr

am.
tent

—

Par
mot
14.0
14,8
14.0
140
la 4

I&6
la 8
h%Q
16.6
10.2

Ill o
ltia
11,9
121
11,8

11,8
m R
11,1
la u
la 6

IL 8
IL 4
lL .2
11,1
I&8

m 8
m 6
10,7
la 9
IL O

11,1
la R
11.0
11,2
11.0

11.2
Ill 8
10,8
108
la B

mptl
or

loam

)ellLI

Bum

Mad.
mum
lead

Afc4
0!”

hmm

Lad.
ml hYret o

By (2)

yg

1: Om
1,167
1,2.61
q 146

1, aoo
1,016
1, 1#

906

876

1,%!
1,142

892

L%
&620
L304
1,277

L 234
~ lm
L 460
1,474
1,470

1,430
1,646
q Lo

1,074

746

%
947
SIM

801
876
867

%!

3Nmom

—

X3. . .
29. . .
00
81:::
32.-,

X3. . .
34. . .

3::
87.-.

38. . .
w...
40..,
41...
42. . .

43...
44..,
A5...
46...
47...

a
40:::
m..,

k::

63-”.
M-..
n6...
66...
67...

h%..
m . . .
no...
fll...
02...

I?#...
. . .

66”..
66...
87...

3y (1)

h, el
w. Z
L mi
1,064
1, mu
&2m
~ 146

1,200
1,016
1, me

872
m7

877

1, E
b%

*y;

1: mo
1, m

1,232
1,186
$g

1:466

+fi

(g

L m?

744

E
948
w

w
mo
806
848
396

Failure
D~&LI&o Dlr@lrmOf amtn of faom in Ora;$t $0# n

grain owe grain oPPMfla Wobl thi%w

v1 Q u,Otua
,hiok
mo
Webl

rti~
am
am
3.01
am
am

29E
2.9!4
ZW
299
!4.Ou

!.4,99
2G9
l.m
a 01
299

alxl
2.$9

2 %
!zW

2B7
am
2.Q7

1%

%90
.296
2, !36
290
200

2.92

::
294
am

2.96
2.$7
!LQ7
a 97
2.W

y’441:60
L60
L60
1.24

Lbo
L60
J. M

t:

L Ml
.1. no
L 4s
L 43
1.48

1.49
1. no
1.60
L 4P
LW

L 60
L 60
L K1
L 60
L 48

L 49
1.47
1,60
1,40
1. 4?2

1, Ml
1, Ml

1:
L 60

L no
1,48
L43

k:

at%
ah M
84-M
S8.64
ah 49

ah 86
80,74
36! 61
33.69
S&m

8277
32.85
32”02
m. 11
8a.60

Ml.17
24,77
m 70
34, ta
34,44

m, 96
3a k7
m 81
8&77
8219

3221
3293
3278
31G9
8L 94

8X 76
SL 34
34.2a
8&67
04.2d

M42
57.66
83.16
87,92
38.63

.!&?:g%!’;: :qii:::::: .%!;5.:::: ::? :w........” . . . ..do . . . . . . . . . s-0-

..-do . . . . . - . . ..do . . . . . . . . . .-.--do . . . . . . . . . . ..do . . . . . . . . . a- fi-

...do . . . . . . ..-.do . . . . . . . . . . . . ..do . . . . . . . . . - . . ..do . . . . . . . . . ~- ~.

rfd
k 262
. Ma
.248
.2441
,340

.246

.2m

:!$%
.209

.%3

.264

.136

.134

.180

. Ma
, lea
.169
. 13S
.166

.263

.256

.250
,246
. Km

.384

.190
, lea
.124
.126

. la
, 1!43
.S3d

:%

,836
.a’aa
,393
.332
,Sm

‘n$am{

IOIL81
107.81
107.4
107.4Q

KM,70
10A 70
m& !13
107,18
10S,82

106.90
100.42
10KOa
10I%60
10K 76

100. 6!4
IORm
106,40
lrm 66
107.40

100,86
106.66
106. m
10Q06
10R 10

UM 10
lrm.737
MM?0
10440
1!39.al

ma al

%%’
KS, 70
10270

103.20
lm. ea
104.32
103. m
103. m

IlrM
16, m
16,11
I&61
I&u
I&4a

I& 4d
J&39
I&84
I&40
la 4a

1433
I& 3d
I&w
16,29
I&10

1&33

ti%
I&a
16,42

16,23
lh 34
1424
I&81
16,16

15,17
14, w
16,28
14. M
1490

1411
I&11
M 93
14 OLl
14.M

M. w
14 w
I&10
14.m
16,07

k 44a
,436
.43a
,m
, 41!4

,431
,440
,434
,3841
,389

,400
.s90
,407
,429
,416

.426

.404
, 4M
,460
.456

,432
,424
,4*
,428
.417

.438
,424
,’4r2
,47a
,402

,457
,444
, 4otl
,403
,402

, 4m
,W
, 43d
.m
,436

loa 1
Km!2
llh 6
lx. 6
107.8

114.1
1021
IOfl,!3

1%!

69,2

1%:
P4Lo
72.0

1%:
104.6
87.8
86,4

U&a
IX, 8
16L 9
14Ao
121.2

114.1
123.2
mti 1
61, Q
69.7

4a5
89.2

12!3,1
II*6
lIE 7

107,n
1!/7,2
1!42,9
116,9
123.6

Bhcac# WObU.

Do:

Compces910n.
Shear in webs,

Compr@310n.
Shawp WebE.

‘OmJo*’

.iigo . . ..- . . . ..do . . . . . . . . . -... J30 . . . . . . . . - . . ..do . . . . . .._ a-6-
. . . . . . . . . ..do . . . . . . . . .

U F

Perpendloulnr. Pnrpond30u3fw. s-0-
46”..._ . . . . ..do . . . . . . . . . . . . ..do . . . . . . . . . . . . ..do. . . . . . . . g- 6-

. . . . . . . . . ..do . . .._.. - . . . ..do . . . . . . . . . . . . ..do . . . . . . . . .
%...... . . . ..(30 . . . . . . . . . . . . ..do . . . . . . . . . . .._do7_____

s-es
a-a

460. . . . . . . . . ..do . . . . . . . . . Pamlle3 . . . .._ Pernlld. . . . . . .
46”. . . . . . . . . ..do . . . . . . . . . . . . ..do . . . . . . . . . . . . ..do . . . . . . . .
Vortim?t. . . . ..do . . . . . . . . . . . ..-do . . . . . . . . . . ..””~o . . . . . . . . .
.i_go.. . . . . . ..do . . . . . . . . . . . . ..do . . . . . . . . . . . . ..do . . . . . . . . .

------ . . . ..do . . ------- Perpandlmhr. perpondioulnr. M
*E-S
s- n-s
0- 0-0
0- 0-0
o- h-o

no.

t3hm~i WdM,

Do:

Do,
Do.
Do.
Do.
Do.

Do.
Do,

Oompreasion.
Shmrrh WObn,

Do,

Com%A1on,
Sllowll Wetm,

Do,

Co$p’

l’onalon.
Oom rdon,

30,
Do.
Do,

46”. . . . . . ._..do . . . . . . . . . . . . ..dg . . . . . . . . . .....~o
vertical . . . . ..do . . . . . . . . . Parallel . . . . . . .

I-U

o- o-0
Papua-:::::::

.ii~o...”. .iig.do . . . . . . . . . . . . ..do . . . . . . . . . . . . ..do . . . . . . . . .
04-s
S- 4-8

. . . . . . . . . . . . . . . . . . Per3mndldar. . . . ..do . . . . . . . . . *4.~
46”. . . . . . 460. . . ...”..... . ..-.& . . . . . . . . . ._..do _______ p,-,

.!&!:!:.;8:!!!!::.E?&::::::::::&:::::: :::...... HI-----------P~dlcdar. _...do_ . . .._. ::
46”. . . . . . 460. . . . . . . . . . . . . ..-. 0......””” . . . ..do- . . . . . . .
Vertloal. Ixm@udlrml.. P4r411al...__ . . . ..do . . . . . . . 0- 0-0

t

.iigl . . . . . .iiz.do . . . . . . . . . . . ..do . . . . . . . . . . . . ..do . . . . . . . . .

[!!

o- o-0
. . . . . . . . . . . . . . . . . Per3mndbm3ar. . . . ..do . . . . . ..-.

G“...... 46n_ . . .._... - . . . ..do...__.. __.do . . .._-..
0- 0-0

,%$:!: “?5::!!:?: .?%!;!.::::::: :::::$:::::::: ::;

46”. . . . . . 46’_. .___.. Pw31 ndlmk. . . . ..~o”...”.”.”
460. . . . . . 45”.. . . . . .

HI

. . . . ._.-Jo . . . . . . . . . . . ..do . . . . . . . . /z:
Vwtlonl. bm Itudlnal.. PeI’411el..._”. . . . ..do . . . . . . . . .

‘1
-a-4

,..do . . . . . .-...10 . . . . . . . . . . . . ..do . . . . . . . . . _...d _______ 4- 0-4
413”. . . . . . 46”. . . . . . .. . . . . Porpendioukr. . . . ..do . . . . . . . . . 4- a-4

46”. . . . . . 469. . . . . . . . . . . . _...d_ . . .._._ . . . ..do ______ ‘-.*,

!11

,$;!:!: .$%!!.!: .;~i~:;; :::::$::::::: :::
. . . . . . . . . . . . . . . . . . . . . 40- C-O

4V:::::: 46”. . . . . . . . . . . . ._.-do . . . . .._. .::.: do______ 0- o-o
— —

Tha wabs of all beams were of ye310w PO lar Iywood, Nominal dlmensiona of the bmmn wm’a3 b 8XE inohoa by 16 foot 4H bmbca. Tba teat npnn wan 10 f~t and two loads were oymmatr1tm31y applied at polnti 44
{rInoboaapart. In onlculating I and Q one- s]! ha plywood wu umd AN mkmlstlonn ware rondo w th a sllde mla.r

(1) Q-;9

(29-$

1

I ,“!~llii I ,111,i i L 111 Iii’i ,Il:iliiil 1 I Il; li ,i’i, i:’ll: III ‘1’’lI’Iii’iIl l~ili! ,ii; 11,l:llli~ipi; ll:l,’lll



TABLE V.—BOX BEAMS SUBJECTED TO TRANSVERSE LoADIN(l ONLY. DATA FROM UNPUBLISHED FOREST PRODUCTS LABORATORY
REPORT, “USE OF PLYWOOD IN AIRPLANE WINGS BEAMS,” BY G. E. HECK

———

~wmWidth
No. &

——

)S#fl

warm

yhmb:

6.37,
&aE1

8.26
3.41

8.43
3.41

3.42
a 46
3.43

&45

S.@’
a42
8.3a
3.40

3,46
8.43

3.44
&41

&4a

.— .

yb

angea

‘y4~

L46
L 47

L 47
L60

L60
L.4S

L48
L 48
L4?.

148

L48
L48
L4Y
L 47

L 47
L46

L46
L,46

L146

—

cOfa-

m’e
m.
Ed

—

Per
Znt
9.6

10.6
la 4

lclo
[0. o

%4
0.4

[R!
la o

0.8

0; 9
9.8
a 8
9.7

~:

‘:;
d. 1

v@lt
&

L138.
37.66

37.68
aa 81

=22
3280

aa80
8227

2274
24.27
n 71

33.30

24,21
a4. 28
34ea
2a 91

2406
2a97

34 aa
82 Zn

22.42

—

I

Mdmmn
ahmr atnm I

—.. — .—

FfdlmwQ

——

a

....—

v

Wob Oonstrtlotlan
Sf))

‘hp- ft?J
LQad.
ml

?rat o
By (2]

Lb.
W 8Q.

in.
n5

714
692

1,%

1,103
L 315

1,270
1, m
1, MO

&3m

L466
&2a4
L 4(8
~am

Lme
1,106

k%

6%8

By (1]

E
Do&t&

m

vertical
--do----
46”___

46”------
Vwtfoaf

--do----
6“-...

46”-----
46”__-,
4a”._ .-

vcrtmd

--do---
..do...,
--do---
45”.-...

46”..-.
Vertioaf

_do---
W . . . . .

w-----

— —

03. -.. “%
69D.a
m--- 2E
nD-- 24$
72-”-. 2.99

--l Hl-
d3!’L- a4m

lJm

ii%
Lea

1, am
L610

1, m3
L 6s2

L 615
~m

1, ms
1,928
1,970

1,600

L 610

?%$
.1,am

1, m
L230

Lflm
~ma

L@

m,
Derag.

in.
7B

726
m

1,%

L Iw
Lam

1,276
L2E0
L 678

1,266

1, M2
1,282
)%

L626
b 116

1, ma
~ ml

ma

nrlle
lm.

13
ml
105,

m&
mh

loh
107.
loh

106,

IO&
104
102
lm.

m,
lm.

&

‘liu

Il&ba4
14.w

1407
1474

14’76
[h 20

[h 30
lh 16

16.13
I&36
16.m

I&12

m 15
1503
1489
1496

14,94
1436

14.32
14&4

14 Q3

We
ES2

e !31
a. 91

6.89
6.91

O,wi
a.fa

&94
6.W
6.95

6.97

m%
&94
&w
6.03

t192
2.97

6.99
6, m

&w

127.2

126.8
12a4

Ma 6
11148

F&!

1358
11a8
14L 6

113.0

123,2
1247
130.0
14a 3

16L 4
147.1

1.30.a
lW$0

123! 1

Do.
fknafon.

?ompreaion.
jhcar in wok

H
-.-do. . . . . . . ...&.---- ..-do... He o-

G p“ “R?
‘o--------- “’%?d’” ‘--do--- ‘* e ‘- “
4&:_- -----do ----- . ..do---

-...-.. . . . ..do ----- -..do... K2q& :%
4&--------- --.--do ----- .--do---- HS+c- o. .204

I?3D-- 2fL8
74---- 2s9

Do.
Do.

J
76D -- 249
76---- &m
77D-- 296

?omprwaion.
3h0540nwelm%%!??-::E

Spread 119$.. .428

7s-.--] 206 Nrma-.-.--.l ,4.3S Do.

79D -- 297
30 .-. .
81D -- iu
82... - %07

$JcJ.

Do:
Do.

:T:[:i:‘$EE.----do ----- -----do---.- ---do-_--I
32D-- 297
84--- 290

85D”. 206
36 --- 2.!?6

87D- 297

::
,“, ,,

Do.E4mdwl,:286
The webs of alf beams ww OfYallOW poplar plywood. Nominal dinmmicms of bmms wars S by 8 0 hrchm by 16 feat 4M fnok. The test span waa 16 fent amd two loads wara aymmetrfcalfy app~ed at Poti~ 44 ~ohm

#apart. In calmfatlng I and Q on~hnlf the plywood was used. AU calcrdationa were made with as de lute...-

I1 I



TABLE VI.—BOX BEAMS SU13JIICTJJDTO TRANSVERSE LOADING ONLY. DATA FROM UNPUBLISHED FOREST PRODUCTS LABORATORY
REPORT, “DESIGN OF PLYWOOD WEBS FOR BOX BEAMS,” BY GEORGE W. TRAYER

Daptb

b~fm

r~~;
&48
&40
&46
8.40

a48
&42
&42
&40
&89

&46
K 44
n.44
8,46
8,40

&47
&40
&44
&47
k 47

&47
R 41
.%46
8.60

DeI#.h

iangea

yfg

1: 4Wl
1.497
L m
1.486

1. Mm
L 490
1.49.5
L 486
Lao

L 4M
1.489
:%6

ia

L 496
1. 4W
L 490
L 406
L m

L 61M
L 496
1, 4a6
1,496

Ue ht
07

beam %$

116.0
107,1
114, n
loh o
mu 2

14a 4
la o
164.4
1820
144.1

]aa9
lc# f

1%!

12L 9
118,6
90.6
6CL4

120,7

ma a
laa 7
180,8
128.8

.— “—...—

FaHura

I, Maxt:m&shearWeb oomfmmtfon
peohlo
mo~ty

Iangw

a 862
.249
,862
,864
, US

,821
.817
,918
,8]6
.810

:%
.820
.S2a
, Wf.1

, a2a
,822
,824
,824
,820

,a!m
,828
,820
. aM

Wrg

wm-
tent

W 65
18.8
la 8
la 6
la e

.....
ao
8.2
8,6
8.4
a.a

ao
&z
Q.1
Q,1
Q.4

10,8
la 7
la 6
lL 2
la ‘a

la 4
la o
lab
8.rJ

E

—.

Lmlb

%
n .{n

;: 8J
L649
)0#

&804

i%
~ w
Lam

.$ ~

1: ma
1, 17h

1,”231
1,815
1,240
~ 102
~226

1,448
1, 4f!a
1,485
1, 4nJ

I

4w4 4
107,1
104”0
107,8
104.4
1044

106,8
IOh6
IO&1
106.b
m. a

lfll, 8
107,0
107,8
m!, 2
K&7

107.7
107.8
107,2
ml 9
ma, o

107,8
loa o
ma 6
10&8

Q

hhaba~
lh 41
14.90
1460
14. P4
M. 26

m 88
10,27
lh 38
1422
1426

;: g

16,42
16,47
lh 40

lhba
lh48
lh 86
16,62
la, 62

I&u
I& aa
16! 27
IL 49

agfgl

nma of
2 We.kd

afi8f2
.Siu
.232
.2B3
.8W

,844
.800
.276
,288
,2aa

. ‘MO

.2M
, IM
,184
,188

,248
,200
,102
. lao
.U4

.X4

.268
,244
,2b9

$7um-
!JOrof
pllan

2
a
9
8
2

9
2
2
a
9

2
a
2
a
2

2
!4
2
2
2

8

i
2

By (1) By (2)

l— %$?’
862
816
844
Ooo

816

1, E+

1,!%

1,021
910
eaa

1,%

1, m
1,122
1, MO

l,E

f;:

1: lea
ma

m, r’aq. n,

&
8~2

cm

818

I,H

1, Pi

1,061
ma
887

1,%!

1, r!
&o#

~cml

1,186
1,004
1, IOa

me

Ino!aa

:y:: ii!
. . . .

4-*.. i%
6. . . . . a. 02

6. . . . . am
aoo

:::: am
9. .. . .
10. . . . k%

m?
Sazb
al, ao
aa60
2a 41

27.04
80,80
.z&91
M. 86
Xlfm

2a6a
2674
ati,ztl
24.71
afi 87

.2S.%3

.27,24
24! 12
ab.bo
2a 70

%68
27, es
‘m 80
~, 96

Ipwu

& 962
&etEl
6902
6,916

~~

&ma
&916
am

&964
; :4

0,961
a !37.2

&WE
6,970
e.M41
&Pm
0.070

a 070
& 915
6.966
7, mti

45”. . . . . . . . flltka apruca-... “.” . . . .
Vertical... Yellow poplar... . . . . . . .
46”. . . . . . . . Hltka SDJUOLL. . . . . ...”..
Vsrtlcal... Yellow poplar... . . . . . . .
45”.. ”..... 81* Sprulm..... 0.82

Corn radon,l?.,
Do,
Do,
DO.

Do,
Do,

Shm~”
Oompmrdon.

Bllaar,
Do.
Do,
Do,
Do,

4LP.“.”.”.. . . . ..do . . . . . . . . . . . . a2
46”. . . . . . . . . . . ..do . . . . . . . . . . ,82
45”. . . . . . . . . . . ..do . . . . . . . . . . . , aa
46”... . . . . . . . . ..do . . . . ..-.-.. :;
46”. . . . . . . . .-.--do . . . . . . . . . .

11. . . . 2,94
&“ %80

. . . . 2.00
a.fmk awl

46’ . . . . . . . . . . . ..llo . . . . . . . . . . . .22
46”. . . . . . . . . . . ..do. . . . . . . . . . . .88
46”.. . . . . . . . . . ..do . . . . . . . . . . ,88
460. . . . . . . . . . . ..do . . . . . . . . . . . ,%9
4be . . . . . . . . . . . ..do . . . . . . . . . . . .r?a

16. . . . am
17. . . . am
18..”. 299

%:: 1%

21. . . . 299
22. . . . a 00
28-. !LP!r
%... 8.00

46”. . . . . . . . . . . ..de . . . . . . . . . . .
4s”. . . . . . . . . . . ..do . . . . . . . . . . .
46”_ . . . . . . . . . ..do . . . . . . . . . . .
@ . . . . . . . . . . . ..do . . . . . . . . . . .
46”. ...”... . . . ..do . . . . . . . . . . .

,44
,44
,44
,44
,44

Compredon.
fjhaar,

Do.

Com?%alon,

4ba-. . . . . . . ..-.. do. . . . . . . . . . .
460. . . . . . . . . . ..do . . . . . . . . . . .
46”..”.”.”. . . . ..do . . . . . . . . . . .
46”. . . . . . . . . . . ..do . . . . . . . . . . .

,88
.88
,88
!88

she%
g~pradon,

-—
TlroI@n 0160 aroent of the web matarlal wan at W to tho othar MIper oant, Nomhral dlmamlonn were 8 b 8~o Irrobeaby 16 feet 4~ lnohed The tastapmr wau 10 fwt and 2 loads were syrornotrfw.tly applied nt points

44 l.nohanapart. 1%o.doulatfng I and Q onmh~lf the p]ywmd wos .@. All mlrjlrhtlo.a wwo Uds with a dla rule. BBWIM10 and lb had ~lapbragma npacad 11,0211inobaa and baarn 20 had diaph~ma apaord O.fla

El

TABLE VIL-13EAM S130TIoNSTEsTED IN DIRECT &HEAR As ILLT.JsTRATEDIN FIGURES 3AND 4. DATA FROM UNPUBLISHED FOREST PROD-
UCTS LABORATORY REPORT, “DESIGN Or PLYWOOD WEBS IN BOX BEAMS,” BY GEORGE W. TRAYER

=T=:--E‘]o&No”
)fatamw
mnhr t4
long; 01

blooka

In&;:

74
74
74
26

Aotud
tt$p#

webs

Aohral
r$krl$

webs

Mcll
a~
,176
.180
, Ma
.!460

Bsg$no

Eofwe
matarfal

Blook No, mg~d TYIM of web De tb of
b~mk Jhear WraaI

Fwh44 pm
rquora,timd

886

L%!
1,000

PGig#&r

$g

1:769
1,606
1, b18

e-l----- m .8 . . . . . %ply 46- S1* aprllm. . . . .
Inaha

-------- 1::::::: :::::$ . . . . . . . . . . . . . . . . . . . . ${!8-2 . . . . . . . . . . .
S-6
B-7- . . . . . . . .-do . . . . . . . . . ..do...::::::::::::::::: &44
S-11 ------- -..do
a-la

. . . . . . . . . ..do-- . . . . . . . . . . . . . . . . . . &48
. . . . . . . . ..do. . . . . . . . . ..do . . . . . . . . . . . . . . . . . . . . 8,88

nl$i:
S-id--...... .. m , a..... ZPIY 46° Sltko aprnm . . . . .

8-18~~::::: :4::::::: :::::%---”””--””--------”- U
S-17

He . . . . . . . . . . . ..do . . . . . . . . . ..do -------------------- 8.44
Ps-l-- . . . . . . . m’. 4----- .--..do:::::::::::::::::::: 7.66

It?&
0:;8J

. las
,170
. la
,170

a84
,64
,44
,4.5
,84
,813

aa4
.84
.443
.48
,86

The ~hr of sII P]IM W# at &6* to tie longimdlna] axis Oftie Mm and tha gr~n of 60 par mnt of the matmlal WM at W to the otlmr 60 par oant, All @.mlat[orM W~ IWIt wltb s Illda lIiO,

’11



TABLE VIIL-STRENCITH VALUES OF VARIOUS WOODS FOR’ USE IN AIRPLANE DESIGN
pmd on 16per cant moisfmre content]

CompmgkxmhmmlfdBhrfnksge from

F.rl%tfzm
Ststk. bendti

s~$i:neraa w?:{
OOromonand botanied = and wefght when

Ovandry C4mtfmt

4- Tan&n 4‘IbOrsfrms Mdmnrrl
a&4e.1. Omebtng

s-1

work ta
mexJ.n&doddus 0,

Ifeatieity i

I+w
Dmmdsper
y&&

1:460
1, m
1,440
1, 7?30
1,330
1, 1s0
1,340
1, m
Lmfl

;:

$4#

j43il

p&ti
inrh

14.z
142

1::
lf!.a
11.7
7.4

19.8
la 9
27.5

&o

Ii!
la 6

1!:

mnwoorm &r34D-LEAVED Srmrrm) I ~m~m P&ymq

rlg 35
41

.30

.60 z

.m 44

.4a 93
!2.9

:% 46
.43 34
.71 51
.42 32
.46 34
.6U 44
.63 46
.3B 2$
.62 3s

Pe!rbwda

1,7:

1, z
1, lfm

m

1, ‘2
660

Ash, bfeek (Frar.imm nf )------------------------
rAeb, Ca3DlMti Wbft4 ~M ED.) S----------

.-””---------------------- -

!E(fkh-=:;L;-:----”-”-”::::
Birch e.tnfe ) t --- ----------------- . .

. . . . .. -” ----------
Cottonwood optius d~tides . . . . . . . . . . . . . . . . . . .
Elm, rmk U us rammms). -------------------.m,r4&$kk,Fti)------ -

. . . . . . .
Hfnkom’ (trne okorfeal [ , mr~ Sp.) :_______

. . . . . . . . . . . . . . . . . .
J 1_”_________

.ez

.40

.35

.LB

.63

.41.
,efi

:E
.47
.51
.67
.69
.43
.M

.20

.44

.34

:E
.61
.51
.3S
.42
.2$
.40

.. -.-.”.. . . . . . . ..-

48
3,4 :;
48
4,0 ;;
4.0
&a il

..........
7m

h%
b2&

99)

eorrwoomr (Comrms) I

1
.22
.40
,81
.m
.43
.%
.40
.34
.3S
.a4
.30

5.7
6.9
Al
49
al
7.8

;:
7.4
&o
7.4

4543

%
3m
al
6KI
520
370
340
mm
440

~:~ti-myh}:;~&=#d~-~j:;:::::::l

Oypmm, southern (Taxodiunr dfstl
Dougfm dr (Psendokxlge taxikdfa)...
Pfne, Norwa (pfnm resfnme)____

%Pine, W ( bms fnrnbm—tfmm
pfn~ we8tern wlrl~ (Pfnne mo~-~-~
g’fmr$U@mn whim (Pinas Etreht

mrnm)-..--..l
.-.-_.-----—.-
--------------
.----.---.-—--
o-------------

Us)---+--m--
Mpruea(Hew spJ 11. . . . . . . . . . . . . . . . . . . . . ------

1

I The average VSIUWfor dlx str@s et efmtfo Ifmit and rrmdrdne of rnptnre fn statfc bendh dba atrmn at elas4it?lfmi~ and mdrmrm
% -’d-fte obtafn vafnu! fornee fn dcugn. A statirnmt of the factors end of the reasons for tbatr w llowrc It wus thought bes~ in flrfng upon skm

in oempr~n pxllel h ~ in heve km mrdtfplk by !2fmtem

tit ● ET63t6rnnnrbcr of vzfw - frafowthe sverege then above i and the meet probable w?.fue(ss rqx’eaented by the mode of tb@freqneney carve) wss aMordfngly daefded upon m he bmfn for d- dgares. From a
ornmtnddgrr tozlfowfa ibevariabfflty ofwoodsndthefset

~ @ftke~moq Drmglaedr rmdwhiteesh), 0.S4 was ado~ted es tie best Vvdneoftbfarat,o hrgenmlapp.catfm to the prrmatlcafn WI*tlOU. Thestndy of the rstios of meet prohble b IIvemge vafuea forthrwspm
sQwrsthetwco3en memrWmnr%rry da~dsonitsdumtlon. A-oflJ hssbemrapptihMet@titi gatmlueeo thestrma that mnbermswfned forap~d of frareends thing k?amned tbattbemdmnm
leed-~~1 not-be m@alned.for a 10-.@od. . _ . .

bable vane 82per cent of the average) of the a tmodrdns of eleskIoity (EJ as obtabmrf by eubetftn
=ff give the detlectfon of beam of ordinary fangth with ut mrmllerror. For exactnms in the eomputatioraof deflaotfom of I

s me vemes ~van me me mmk~ ~hiw of AM MW Of E. in tben9nsf fo~n
the mntar Lnthe orrnnfaE.=PP
end box bmrns perthfmly fors

w*fmm *of2bY..*b_ons=hch _tititidat

~, e fmmu~ ~ * fn~ ~~t sh~ deformations (we Nationef Advisory Gmrnittee for Aaronrmf.lcs

fn.edle. IftheIorboxbeamhhe.egmfnof@webparal
~f~ttmM’ Shrmidbs nSed. ~ formnfa fnvolvas ~, the true merinhlo of elrmthfty fn fMUdIDX.ad F. the mti~ of r~mm fn sk. VSIUW o E. DISV be nhtid bv MIti 10- -t h fia VSJIIW of E. M

%lywo-adwIththe

+

@n.t45°totbeaxfsof thekamFmaybeL

~rtNo.130,’’Dedectkmof Bmmswftb S_ Refarwm8tot3h6sr

valrmr for bsr shws at elestlo lbnft fn mmpressfon pa

~titifLm.T~;f~Zti~$~ZPay;%~A~-r to ~
woods o

wrti0nk4 whm the load is a plied ovm only a
tfnn= to inoream sfow untfl the deformation and cmsht become so revere 8s to rarfons Y damage the wood in other
NotalJ titiav~aktiMts-.d~mad~& ~mtb~td@*emm-bleb -fork~, CUmprrAmparaU.tOm~=&m&%W#&&lO.

&ho =-~ # ;f tb” - “it h at ‘-, ~&!gtigo*&~~$:f&7&-

$ ‘hiealnt blemdemuarafarumlo mm tlngiwktmmao fbsamst olongftnrffndehr. Theyereobtdnedby
ordarthat faltnre byakrrmyhiwa pmkmbetb.an ~hmroothmosnw. Fur

tiDb’bw avrxxe vafuM by 0.78. Thfe fedmr fe nerd fwiansa of the vtmisbitl~ in stremztb snd fn

defornmtfens tha marfmmn etren@h-wefght ratle end
armom, kate have ehown tbst-bacansi of the favoiable -m” n“

mtnbnnm varfsbilfty fJJe&% are attdud when I and bx bawnn sm ao pmpertiened that the uf mate shmbrg strength 4snot devafopMiand fallnm by eheu deed

~tie=ao
n of a- titlrm from Ilmfti **E

mt -.
s wn~ wh.f~.* @. zmdosrm),.~ @r. ~~m##tilm fsnmnlsta), and blue ash C@.~nsdrengdets).. . . . .

))L*~t bfokoW ~. *), P-t_ (H. elabra), snd abagbemrkhteka’y (H. OVSt@.-.

pg)j ~mP ~~nt ~ (Q.@@, Wt ~ (Q. ~~~, r~ ~ (Q. bor*), aontbero red @k (Q. mbm), kmrel mk (Q. fanrlMia), watcz oak (Q. nlgm),—––--—.-l. .A —,..., ---



TABLE 1X,—SC-1 AND PN-7 BOX BEAMS SUBJECTED TO COMJ31NEDAXIAL AND TRANSVERSE LOADING. DATA FROM UNPUBLISHED l?ORES!l?
PRODUUTS LABORATORY REPORT, “ DESIGN OF PLYWOOD WEBS FOR BOX BEAMS,” BY GEORGE W. l?lMYER
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